The activity of selected RB69 DNA polymerase mutants can be restored by manganese ions: the existence of alternative metal ion ligands used during the polymerization cycle.
Site specific mutants in the pol active center of RB69 DNA polymerase have been produced and studied using rapid chemical-quench techniques. Pre-steady-state kinetic analysis carried out with Mg(2+) and Mn(2+) has enabled us to divide the mutants into two groups. One group had greatly reduced k(pols) values in the presence of Mg(2+) but responded to Mn(2+) which restored the k(pol) values for the nucleotidyl transfer reaction to near wild-type levels. The other group of mutants also had lower k(pol) values, relative to that of the wild-type polymerase, but could not be rescued by Mn(2+). The behavior of these mutants was interpreted in terms of the crystal structures of the available RB69 pol complexes. Our results on the metal ion dependence of the D621A and E686A mutants, together with knowledge of the position of their side chains in two different RB69 pol conformations, suggest that these acidic residues serve as alternative ligands for the metal ions destined to occupy the A and B catalytic sites. We infer that this occurs prior to the conformational change that produces the ternary RB69 pol complex in which the A and B metal ions are ligated by D623 and D411 as the enzyme is poised for phosphoryl transfer.